Assessing the Potential of the Mesohellenic Trough and Other Sites, in Greece, for CO2 Storage  by Tasianas, Alexandros & Koukouzas, Nikolaos
 Procedia Earth and Planetary Science  15 ( 2015 )  607 – 612 
Available online at www.sciencedirect.com
1878-5220 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
doi: 10.1016/j.proeps.2015.08.112 
ScienceDirect
World Multidisciplinary Earth Sciences Symposium (WMESS2015) 
Assessing the Potential of the Mesohellenic Trough and Other Sites, 
in Greece, for CO2 Storage 
Alexandros Tasianasa*, Nikolaos Koukouzasa 
aCentre for Research & Technology Hellas, Chemical Process and Energy Resources Institute (CERTH/CPERI),  
52 Egialias street, Athens, GR-151 25, Greece 
Abstract 
The Greek CO2 storage potential is composed mainly of aquifers as well as a few hydrocarbon fields. The potential for CO2 
storage capacity in oil and gas fields in Greece lies offshore, in the Prinos-Kavala basin, in NE Greece, whereas the biggest share 
of the point source CO2 emissions come from NW Greece. There is also potential for storage in lignite fields, which have been 
extensively mined for power generation. This paper presents an overview of the potential CO2 storage of the Mesohellenic 
Trough (MT), in north-western Greece. Geological modelling assessed the CO2 storage potential in the (MT) and provided an 
estimation for the Pentalofos reservoir. According to the geological model, characterized by horizontal maximum dimensions of 
47 km by 100 km and covering a surface area of 3813 km2, the deepest point where we can store CO2 corresponds to the base of 
the Tsarnos member, at -2544 m depth. We estimate that we can store up to 1435 Gt of CO2 in the Pentalofos Fm (Tsarnos and 
Kalloni Members) in the MT. The location of the potential storage sites, relative to emission points, forms interesting 
combinations, which are briefly presented in this paper. The results presented here will serve as a basis for pursuing this 
worthwhile piece of research in order to determine the most reliable and most cost efficient ways of transporting and storing CO2 
in Greece and developing the right legal framework for achieving these goals. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of WMESS 2015. 
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1. Introduction 
There are various potential sites for CO2 storage in Greece, with the total storage capacity in deep saline aquifers 
and hydrocarbon fields estimated at 2190 Mt (GeoCapacity 2009; Rütters and partners 2013). The total effective 
storage capacity in aquifers alone, in Greece, was  estimated to be around 184 Mt (Rütters and partners 2013). The 
assessment of CO2 storage capacity in deep saline aquifers in Greece has concerned the Tertiary sedimentary basins 
of Prinos, Western Thessaloniki and the Mesohellenic Trough (GeoCapacity 2009) (Error! Reference source not 
found.).  
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Fig.1. Map of CO2 emissions, infrastructure and storage capacity in Greece, at ai) the Mesohellenic Trough, aii) Western Thessaloniki,  
aiii) the Prinos basin and b) further detail of the hydrocarbon fields in the Prinos basin (modified from [1]). 
 
For the Western Thessaloniki basin, the assessment of the storage capacity focused both on the whole basin and 
on the evaluation of some individual structures determined by seismic and borehole data (Error! Reference source 
not found.aii). An evaluation of 17 individual fields on stream from 2001 have also led to an assessment of the CO2 
storage capacity in Greek hydrocarbon fields (GeoCapacity 2009). The total CO2 storage capacity of 6 Greek fields 
(Prinos, South Kavala, Kallirachi, Epanomi, Katakolon, East Katakolon) corresponding to 1 producing, 1 exhausted 
and 4 non-producing, has been estimated to 70 Mt (GeoCapacity 2009; Rütters and partners 2013). 
The Greek lignite fields provide more than 60 % of the country’s electricity production (GeoCapacity 2009). 
Since their mining is expected to continue with high intensity in the future, it becomes important to assess their 
potential for CO2 storage. Efforts have been carried out in this direction to estimate the CO2 storage capacity of 
Greek coalfields. In this paper, we will be focusing on the Mesohellenic Trough (MT) (Error! Reference source 
not found.ai), one of the main potential CO2 storage areas in Greece. CO2 storage can take place in the Pentalofos 
sandstone, a reservoir extending throughout the entire MT and located below the Tsotylli Formation (Fm) caprock 
(Kontopoulos et al. 1999; Zelilidis et al. 2002).  
2. Location and geological setting 
The potential storage site that we will focus upon, the Mesohellenic Trough (MT), corresponds to a basin with a 
length of over 200 km and a width of 30-40 km in north-western Greece (Vamvaka 2009) (Error! Reference 
source not found.). It is characterised as the largest and most important basin of the last orogenic stage (molasse 
basin) of the Hellenides. The MT developed between the Mid Eocene to Late Miocene, parallel to the NNW-SSE 
direction of the Hellenides (Error! Reference source not found.a). The basin is characterised by a significant 
lateral extent and the large thickness of the sedimentary formations, about 4 kilometres in vertical sections. It is also 
well known for the complicated structures, the numerous changes in sedimentary phases (Error! Reference source 
not found.b) and the thicknesses of the deposits, both longitudinally and transversally to the axis of the basin 
(Vamvaka 2009). 
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Fig.2 (a) Geological map of the Mesohellenic trench; (b) stratigraphic column of the lithology encountered in the area. 
 
The sedimentary phases include deltaic conglomerates, alluvial scree, sandstones and clays belonging to 
turbiditic sequences and deltaic, floodplain and sandy shelf sediments (Vamvaka 2009) (Error! Reference source 
not found.b). On this piece of research we will focus on the Tsotylli and Pentalofos formations (Fm) (Error! 
Reference source not found.b), corresponding to the local cap rock and reservoir, respectively. The Tsotylli Fm, 
age Early to Middle Miocene, 23-21 Ma, can be used as an effective cap rock as it consists of impermeable 
sediments including marls, conglomerates, sandstones and clastic limestones. The Pentalofos Fm, age Late 
Oligocene-Early Miocene, 25-23 Ma, can be used as reservoir, consisting of coarse-grained deposits, loam and fine-
grained sandstones. 
3. Methods 
For estimating CO2 storage capacities, either directly from seismic data or through the development of geological 
models, we used various volume estimating tools in Petrel. Concerning the development of the geological model for 
the MT, this was also achieved using Petrel software. Petrel has several possibilities and capacities including 
predicting reservoir properties and fluid distribution, the interpretation of seismic (2D or 3D) data and the 
development of hydrocarbon fields.  
The geological modelling tools have allowed us to build a 3D geological model of the MT. We introduced 
several parameters for the development of the geological model, in some of which were made the following 
assumptions and used the following values (Error! Reference source not found.).  
The 3D model is characterised by maximum horizontal dimensions of ~ 47 km by ~ 100 km (Error! Reference 
source not found.a) and a maximum vertical thickness of 6.1 km, from an altitude of 1711 m to a depth of -4402 m 
(Error! Reference source not found.b).  
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The total surface area covered by the model sums up to 3813 km2 whereas the total maximum number of 3D cells 
amounts to 215.7 million. The horizontal and vertical grid resolutions chosen for the model are ~ 50m by ~ 50m and 
~ 80 m respectively. 
Table 1. Important parameters considered in the development of the geological model 4. 
Parameter Assumption Value Source 
Assumptions 
That there are only four (2014) or 6 
(2015 estimation) geological zones in the 
geological model 
Basement and Eptahori (upper and 
Lower), Tsarnos, Kalloni and 
Tsotylli formations 
Isobath maps from the article:  
(Zelilidis et al. 2002). 
Number of 3D 
cells 
That each cell or unit of the model has 
the same horizontal grid resolution 
horizontal grid resolution 
: ~ 50m × ~ 50m 
The horizontal resolution is chosen by the 
creator of the model 
Number of 
geological layers 
That each cell or unit of the model may 
have different thicknesses 
vertical grid resolution 
: ~ 80m 
The thickness of each layer or the total 
number of geological layers are  chosen by 
the creator of the model 
 
 
 
Fig.3 (a) Diagram of the spatial dimensions of the geological model; (b) 3D view, from the south, of the lithological model. 
 
From a lithological point of view, the geological model is subdivided into zones that include the metamorphic 
basement and formations such as the Eptahori Fm, both upper and lower and the Pentalofos Fm, comprised of 
Kalloni and Tsarnos members. The highest zone of the model corresponds to the cap rock, the Tsotylli Fm (Error! 
Reference source not found.b).  
4. Results 
For the case of the MT, the absence of seismic data for the area means that we cannot directly interpret the 
geology of the basin and thus cannot estimate the CO2 storage capacity in a straightforward way. Only through the 
development of a geological model of the MT, based on electromagnetic depth sounding data, we were able to 
determine the exact horizontal and vertical extent of the various formations and of their boundaries (Error! 
Reference source not found.). 
From the model, we can follow the bottom and top of the Pentalofos reservoir and locate the deepest potential 
CO2 storage point in the model, corresponding to the deepest point of the Tsarnos member, at -2544 m depth 
(Error! Reference source not found.). In order to estimate the CO2 storage capacity for Pentalofos reservoir we 
used the following equation (1): 
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mCO2 = RV.Ø.Sg.į(CO2)                (1) 
where: 
mCO2 = mass of CO2 in kg; 
RV = total rock volume in m3; 
Ø = average total effective porosity;  
Sg = gas saturation; 
į(CO2) = density of CO2 at pressure and temperature conditions at the particular depth where the reservoir 
is located in kg/m3. 
 
 
Fig.4  (a) a cross section with a NS direction, which passes by Pentalofos village; (b) a cross section with an EW direction, passing through 
Eptahori and Tsotylli villages (for location of villages, see Figure 3). 
 
In our example: 
RV = (derived from RV calculation tools in petrel software, Error! Reference source not found.) 
Ø = 9% = 0.09 (from A.U.Thessaloniki calculations and experiments)    
Sg = 100% = 1 
į(CO2)*1 = density of CO2 at P and T conditions within the Pentalofos reservoir i.e. at -2 km, which 
corresponds to an average depth, whereas the maximum of the Tsarnos Member is found at 2.54 Km. At 2 
km depth therefore, P = 57 MPa   and T = 85 °C, using a geothermal gradient of 30°C / km.  
 
Table 2. Table providing estimations of the total available rock volume in the Pentalofos Fm (Tsarnos and Kalloni Members) and Eptahori Fm 
Formation/ Member Estimation of total available rock volume (RV) 
Eptahori 1.38181E+12 m3    = 1381 km3 
Kalloni 1.30554E+12 m3 
= 1305 km3 
Total available rock volume for the Pentalofos Fm 
 (Tsarnos and Kaloni Members) = 1305+485 = 1790 km3 
 
Thus,  
mCO2   = 1.79E+12 * 0.09 *1 *890.65 =   1.435E+14 kg = 1.44E+11 tons 
  =   1435 Gt. 
 
We can store up to 1435 Gt of CO2 in the Pentalofos Fm (Tsarnos and Kalloni Members). 
The example mentioned in this paper, that is to say of the Mesohellenic Trough, that presents a potential for CO2 
storage in Greece, provides an important potential for storing CO2 coming from various CO2 point sources 
throughout Greece. These point sources can correspond either to energy production power stations or industrial 
units.  
There are different possible scenarios for transporting CO2 from the CO2 point sources to the various storage sites 
(Error! Reference source not found.). CO2 transport can take place using inland and underwater pipelines or using 
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a combination of trucks and tankers or inshore pipelines and tankers. When comparing the transport scenarios, it 
would be essential to consider various investment periods e.g. of 10 or 40 years, in order to firstly determine the 
relevant Net Present Value of the operating and investment costs. This would then permit to make conclusions 
concerning the possible transport modes of the captured CO2 and determine which would be the most advantageous 
method of transport.  
5. Conclusions 
Geological modelling allowed us to assess the CO2 storage potential in the Mesohellenic trough in NW Greece 
and provide an estimation of the CO2 storage capacity for the Pentalofos reservoir. The Pentalofos formation is also 
capped by an effective cap rock, the Tsotylli Formation, and can be thus potentially used as a storage area for CO2 
regionally.  
From the model, we can determine and follow the boundaries of the reservoir, cap rock and other formations in 
space. According to the geological model developed for the MT, characterized by horizontal maximum dimensions 
of 47 km by 100 km and covering a surface area of 3813 km2, the deepest point where we can store CO2 corresponds 
to the base of the Tsarnos member, at -2544 m depth. We estimate that we can store up to 1435 Gt of CO2 in the 
Pentalofos Fm (Tsarnos and Kalloni Members) in the MT. 
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